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CHPJUCTERISTIC!SOFSOMESWEPTAND
,, ..~UNSWEPTLOW-ASPECT-TLATXOWINGS r-
ByLotisP.Tosti ..’
., ..
SUMMARY
An investigationatlowspeedtodeterminethestaticstability
anddamping-in-rollcharacterieti~sof@ nuatmroflow-as-pect-ratio.
. wingsticlwMngsweptwingsofqprox5mat63&trUmgular@an form
hasbeenmadeintheLa@.eyfree-flighttunnelandthe1~-footfree-‘“
spinningtunnel.Thestaticlongit*tnaZsta%ili~,Mrectional ‘
stability,effectivedihedra>anddampinginrollwereinvestigated
fora range ofliftcoefficientthrcmghmaximumlift.
,’. — —
Itwasfoundthattheunsweptaperedwingsshoweda tendency
towardecreased.longitudinalsta’’ilitya lowanglesofattackas
theasyectratiowasreduced.Forthesweptwingstheneutralpoint
movedrearwardwithrespectothequarterchordoftheman aero-
-c chorasthesweep%aokincreased,Ingeneral,theeffeotim
dihedralanddizzectionalstabili&Increasedwithanincreasetn
liftcoefficientandwitha reductionfaspectratio.
.
Theunsweptwingsshowednooonsistmxtvartationi.ndemping
inrollwithlifftcoefficientforliftcoefficientsbelowmximum
. lift;whereasthetriangularnd~pt t@8red-S h @nerd
showeda reductionfdampinginpollwithincreasingU,ftcoefficient
andfilsou casesbecameunstablebeforemsximmliftwasreached.
Thedampinginrolldecreaseda~expectedwithaspectratio.3Xperi-
mmte,lvaluesofthe&mpinginrollweregenerallysmallerthanthe ,,
theoreticalvalues.,
INTTIODUOTION
Therecentrendtowardtheuseoflow-aspect-ratiowingsfor
M@-speedfli@trequiresthatthelaw-speedstabilityandcontrol
oharacteristiosof uchcotii@mationsbedetermined.Someworlchas
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beendonetQdeterminethe..etatic.stabilitycharacteristicsof’
unsweptIow-aepect-ratiowings(fore@@e, rdereuce1). The
presentinvasti~tionwasnnderttdcentoextendthiuworktoinclude
thedmpiznd-in-rollandstaticsiabili.tyGharacteristiceofboth
sweptanduasweptlow-aspect-ratiowings,Thesweptwingsweroof
triangularo ap-pmx~imate~v~ian@.arplanform.
Thisinvestigationc sistedof.forceELM-ing-in-roll
b steof18“wingshavingdifferentaspectratto5,taperatios,
andsweepbackan@es, Mcxstot.Vnewingswereof’lowaspect ratio
(aspectratio~ 3} althcm@fcmrw@gs ofhig@raspectratio
T;m%Iricl.udedforcomparison.
Ml.forceH andnoments
whicharedefl-nedi.nfigure
WOi’6 ref erridtO
1. !L1X3rollfn!g’,
thestabilityaxas- “
yawti~,andpttchin~
aerodynamic.chord.~hcorroo~i.ons”forthepffectsoftheJet
boun&riesorW.e.supp~rtstrutizn~rfkwencew~.appliedtothe
data.Thesymbolsandcoefficientswed “inthepresentpaperare:
s
v
b
G
tinflerea,squarefeet .+
airsyeed,feetpr seoond
wingspin;feet
chord,feet
meanaerodynamicchord,feet,W’=)
rmt chord,feet
tipchord,feet
~M Of SWO@EICli ofquarter-chordMne of’wing,degrees
taperratio (+J
.
.
-,
.
.
angleof.attack,deglxms
angl.9. of., y-ax, degree a ,.-
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~b’aspectratio()
-5-
()
Id.ftlliftcoefficient—
@
0
Dragdragcoefficient_
C@
pitchti.rymo~ntcoefi%cier~t
rolling-momentcoefficient
(-
Roll
)
molllent
(?+:’3
yawing-momntcoefficient
-.
rolltngangularvelocity,radianspersecond
rolling-an@lar-velocityfactorofhelixanEJegemrated
%ywingttpinroll,radians
rateofchangeofrolling-momentcoefficientwithrofii~-
lacl
.0angular-vqlocityfactor —g
rateofchange
sideslipin
rateofchange
sideslipin
ofrolling-momentcoefficientwithangleof
P) tdegrees—
ofyawing-mortmxbooef*ficien*withangleof
de-es r)\$
“()*lift -curveslope —aiL -.
.
4 .
.
Foroeanddamping-in-rolltowttiwere”madeoneachcfthe18w-
describedintable1. Inordertofa~ilttatoheW3.Wcons”bruc+d.on,
mostofthelow-aspect-ratiowiri,gswereofflat-plateairfoilsoction,
foryastexperiencehasshownthata%lowas@stYatiostapproxima~k”o1?
orless)thechoioeofairfoilshaslittleffectontheaerodynamic
characteristicsof.=wtig.The@ometricdihedralofthomoan
thiclmeaslinewaszeroforallofthewingsexceptwings4 and6,..—.-
whichhad-0.6°end -1..9°dihedral,”m electively.
Theforcetestsweremadeonthe~six-componentTala.nceofthe
Langleyfree-fli@ttunnel,~Fora complbtebmn?iptlonof*ho
balanceandtunnelseereferences2 and3,respective].y.) Thetests
consistidofmeasurementsthrougha r- ofazi@eofattackfrom
smallno@ativeanglesthrough“theangleofmaxiru.igMftwithemglms
ofyawof0°,~“,L3.M-~”.:JTm.valuesoftheI..atel%l.stability
derivatims-Clp U@ Cq weredetorm<hodfromtherollj.ng-moment
an&yawln~-mo=ntdataat5°ad -5°rawl
Thedamping-in-roJltestsweremadeona rollingT3.Uintho
mey l~-fmtfree‘spiynfqctunnel.(reference4}bythemethod
descrl%edinreference5. !lhvalu6S ofthedS,M@~&ti-~O~
derivativeCT weredeterminedfromthoslopesofcurvesof CZ
‘b f% seversJ.rotational.syepdsbetween-*against~ = 061 and
-0,1atanglesofattackrancinci’rousmallne~tim anglesWrou@
maximumliftl
.
All thetestswereme.dGa% a dynemrlcgremmre of 3.0 oundsper
2squarefootwhichcorrespondstoRaynoM.Hnurbersfrm”16,000to
l.,lm,000basedontjhomeanw:*odynsmLcchordsoftiewingstes~dl .
TW rolljmg,yaWinGYandyitchin~mmm+m wereallreferredtoW
quarter-chordgointofthemeanaero&namicchord.“
RESULTSANDDISCUMX03N
Thebasicdatafronthelow-aspect-ratioinvestigationare
presented.infigures2 to6 anda summaryofthereatitsprepared
fromthebasiodata3sprosentdinfigures7 to 12. .
d
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Thewingshavebeendivided&to fivegroupsforconvenience
inpresentationanddiscussion,namely:
[
1)
2)
(3)
(4)
(5)
Rectan@arwtthconventionalairfoil(wings1,2,md 3)
Unswept,taperedwtthconventio.mlairfoil(w5.n@34,5,
6, and7)
Unswept,taperedwithflfit~plateirfoil(wingsu,9, and10) -
!!triangulerwithfLa%-plateairfoil(w5r433.,12,13,W 14)
swept,taperedwi~ f=~-g~ateaitioi~(w- U, 16, IT,
and.18)
Careshouldhetakenininterpretingtherqaultsof’thepresent
low-scale& stsintezmsoffull-scaleairplanes,althoughsome
correlationorthedataforthe”triangu@rwingswithfull-scale
testshasbeenobtainedfromunpublishedforcetestsofa fu3.l-
scalea+irplaneofapproximatelytriangularp- formconduoted~
theLan@eyfull-scaletunnel.Thestaticstabilitycharacteristics
ofthesmall-scalemodelswereingooda~emnt withthose.ofthis
full-scaleairplane.
LiftCharacteristics
Foreachgroupofwingsthea- ofattaclcformaximumlift
increasedastheaspectratiodecreased(figa.2 to6).
Thevariationfmaxhumliftcoefficient‘withaspectratiois
presentedinfigure7. Wing8withtheflat-plateairfoilhada
muchlowermaximmliftcoefficientthandidw= 6 whichhadthe
sam3plenformbuta conventionala$rfoilsection.,Thelowmaximum
liftonwing8 is attributedtoa leading-edgeseparation.at still
anglesofattackwhichiscomnontoflatplatesofmoderateand.hi~
aspectratios.“
Forthesweptaperedwingsthemsxinnm-lift-coefficientcurves
werefairedwiththeaidofadditionalpoints-n fromunpublished
free-fli@t-tunneldataonsimilarwings.Theresultsoffigure7
showthatthemaximumliftcoefficientforthesewinggroupsreached
peakvaluesatfairlylowaspectratios(asyectratiosbetweenO,6
and2.0). Thisresultisinagreementwiththedataofreference1
forstraightwingsandwiththedataofreference6 fortriangular
wingswithconventionalairfoilsections.
Thevariationfthelift-cwve-slope~ withas~otratio
.
isyresen%edinfigure8. The theoreticalVariationfthevaluesof
lift-curvelopewithaspectratioforaspectratiosabove3.0was
.
o%”k%hedbyassumf~a seotionMft-cur%slopeof.O.10.Wrtigreo .
andap~lyinflthecalculationmthodsofreference7. Foraspect
ratiosbelow1,0thefollowingequation
CLa=-&~A
57.22
obkinedfromref~i~n~~ 8 was u@ed.The.thoore.tZ&aZ.cmsws.wre
fairedinfortheasyectratio8bimen 1.0and3.0.FiGuro8 shows
Gooda~eenwrtbetweentheoreticalande~rimentalrofmltsand,
ingeneral,indl.cateshat.athelowaqmctraticmthelift-curve
slopeisindependentofplanformandatthehim as_pectrat~osthe
exjje~Witt-Q valuesoflift-curveslopearesM@dil.ybss thanthoso
Predictedbytheo~whenthssegkl,onlti?t-curvu~lcpeisassumedto
be0.10perdegree. - .’
Lon~itudinalStabilityCharacteristics
Therectanfjularwings1,2,and3 showednothan@inl.on@-
tudinalstabilitywitha decreaseinaspectratio.‘I’heunswept
taperedwin@ k b 10,however,shcwedatlowanrg.1.esofattacka
@ndencytowardlowerlcm@.tu&l.nalst bility,withdecreasedaspect
ratiosimilartothatpreviouslyrcpor’tedtireference1, Although
forthelow-aspect-ratiounemptWin@O, 9,and10therewasno
marked.chengeofstatic.margin(“d&/dCL)witha~ect)X2W0
(fig-h),withinthisrdngeofaspectratios(3,0to0.5)the
sweptbackving’sl.1to-18showedanIncreaseinstaticnarginwiih
increaein~sweepbackanddefireaei~aspectratio(fl~s.~ and6).
TMs effectofsweeTonthestaticmar~n‘is”tfiustratedinfi@re9
whichindicatsstherearwardmove=n’toftheaerodynamiccenter
relativetothequarterchordofthemeanaerm@amlcchordastho
sweepbackincreases.l%eextrapolatedcurveforthetri~ tin@
infi~e 9 indicatss.r‘thatheaerodynamiccenterisproba%lylocatid
atapproximatelyiihe25-prqentmeanaerod,ynazdcchordfor.zero
swtiepbackndwpyroachesthen-percentman aoiody%amlcchord
(orthecenterofarea)forthehypotheticalcaseal’a triangular
with90°sweepback(reference9).
.
Onthetrta~ andswept–taperedwingqthestaticlongl-
tudinalstabilityat-thestall-decr;ased.withemincreaeeinsweeplmck,
Reference10whichincludesdata‘forwing6 andwin@ 9 toL7asweIL
asotherplanformatestedatdifferentscale~shgwsthatasthe
swee~bac]iM ficrea~edlowaspectratipsMustle.usedtonaLntain
satisfactolylon~i’tidinal”stabi~ityatthsstall. “
.
.
.
.
..“ LateralStahlIi&Characteristic.
Staticstatiility.-Theeffectivedihedralincreasedwithlift -
coeficie’nthut,sincethisvariationi mo6tcaseswasmotMnear,
itwasnot~ossiblota‘tom-~rethedatafor&e cliffeyentwin~sby
theValUOsof dC2~/dC!L(rateofchangeof’ef~ebtivsdihedral.with
liftcoefficient).Thechargesineffec.$iwdihedralwithaspoc~
‘ratiome Lndica%dtisteadinfigure10foransr%i@arylift
coeficien%ofO.k.Theeffectivedihedralincreaseswithdecreasing
aspectratiowiththegreatestchqngeattheverylC.Waopectrtitios.
Theexperimentalresultsarocomparedwiththeequation
b. .,,.
. . .
whichwasderivedinreference8.
1 2CL
—.—
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triangular wi.nw01aspectratio30ssthaii ~.0buta consi@ration
oftheassuu@hmsinvolvedinitscieriyationndicatesthatit
shouldbeap~licabletowi~s of’M.~&eraspectrati~g~ ‘l%eor~.
indicatesthesam genera?.trendastheo~riren&& res~tabut
thee~rimen~ valuesofeffoctimdihedralarecaasif!!rab~v1sss
thanthetheoreticalvalues.
TIEdi.rectionzalst bilityincreasedwithincreaseinlift
co9ficientforallofthewingsexceptwi~~s14andM. The“variation
oftirectj.onalstabilitywithaspectrat$oata liftcoefficient,
ofO.4is.presentedinfi.gnre11. Thisfttwleindica’=qmthatw
directionalwAlilityincreaseswithdecreas~as_Wctratio6ACept:
. foraspectratiosbelow1.0,atwhich,dticraasinGtheasjeatratio
decreasedthedirectionalstability.
- I@npx inroll.-Thounsweptwings1 to8 showednoconsistent
..
.
variationfa~~ptiginrollwithM-t coefficientexceptSors@@s
ofattacknearmaximumlift,atwhichthedmwinginrclldecreased.
tcwardinstabili~.W??s 9 andl.Oshowedaninconsistent’variati&
ofdampinginrollthroughthelift-ccei’fIcientrar@and,in&neral,
hadlessdampingjatthehi&hc+rliftcoefficients.-me &weptwingE11
to18 showeda decreapeindampi~inrollwithi.ncraas@lift
coefficientbefore‘themaxizmwliftwasreached.Thifldecreasein
dampinginrollwithliftcoei’ficlentforhi@& “tayered$w@bhck””
wingsisprobah~causedbya prematwretiing-tipstall.
—.
—.
—
A crossplotslmwin~thevazziationofd&irJGInrollwith
aspectratioispreeentedin.fi~~o12. Yortileflat-plate-a”irYoil
wings,tb damping-in-rollvaluesatzeroliftaregivenhut,fw the
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cambered-airfoilwings,themeximumvaluesofdampinginroll are
givenbecausedoubtfulvalueareobtainedatzeroliftbecauseof
thePosfli.bleseprationfromthelowersurfaceofthew%. This
figureshowstheusualtrend”ofdecreasing&pi& inrollwith
decreasingaspectratio.Thetheoreticalvariationfthevaluesof
thedamping-in-rollderivativeClp withaspect~atioforaqject
ratiosa%ova3!Owereobtiinettfromreference>1..A.~ect&m-l~t-
curve,slopeof0.10perde@ee was.asmmed..For-aqectratiosbelow1.0 ‘ “”.-
thefol@wingequation ,-
obtainedfromreference8‘wasassumedtobevalid.Thetheoretical
curveswerefai.redinfortheaspectratios%etweenl.0end3.0.
and
and
CONCLUSIONS
TheresultsofthetestsmadeintheLangleyfree-flighttunnel
the15-footfree-spinningtunneltodeterminq_the.staticstability
demping-in-rollcharacteristicsoflow-aspect-ratiowimgsmaybe
summarizedasfollows: —
1.Althoughfortherecta@ularwipgstherewasnochangein
thelon$itudinqlstabtli~withaspectratio,theunsweptapered
wings showeda tendencytowardecreasedion@.tudlnalstabilityat
lowangjlesof.attackastheaspeotratiowasreduced.
2.Forswepthackwihgsofapproximatelytriangularplanform
therewasa rearwardmovementoftheaerodyuuuiccenterwithrespeat
tothequarterchordofthemeanaerodynamicchordasthesweepback
increased.Resultsindicatethatfortriangularwingstheaerodynamic
centermovesfromapproximate~25percento50percentiofthe
meanaerodynamicchord(orthecenteroferea)asthesweepbackis
variedfrom0°ta90°.
3.Theeffectivedihedralanddirecticmalstabilityinnmstcases
increasedwithincreaseinliftooeffi.cient,
—
.
.
4.AtlowliftcoefficientstheeffeotivedihedralandMrectional
stabilityincreasedwithdecreasingaspectratioexc~pthat.the .
directionalstabilityofthewingsof?aspectratiobdow 1.0decreased
sharplywithdecreaseInaw$ectratio.
=-
..
.
.
.
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5.Umwe@ wingsshowednoc&n&@@-ntvariationfdampingin
rollwithliftcoefficientexoeptforanglesof&itacknearmaximmm
liftwherethOdampinginrolld8creased.toyardinstability.”tie
triangularndswe@ta@redwings-Lm,,generalshowed.a redugtioni -
dampinginroll.withincreasingliftcoefficientandinsow gases
beoameunstablebeforem~tiumliftwasreached.
.,,
6,The&ping inrolldecreasedwithaspectratioaswouldbe
expected.Theexperimentalv lues ofdampinginro21weregenerally ‘–
smallerthanthetheoreticvplues.. - - .
LangleyMemorialAeronauticalL boratory
‘“. . NationalAdvdsoryCommitteeforAeronautics
LangleyField,Va.,July21,1947
,.. . .-, ..-,
,,
..
.“
.
d
,; .,, -..
,, .’
,.” r.
,
.’
..-
,-- -
..I
------ .
-.
.
NACATNNO.1468
RElmuLNms
1.Zimmerman,C.II.:CharacteristicsofClarkY AirfoilsofSmall
AspectRatfcm.NACARep.No.431,1932.
2,
3.
4*
5*
6,
~.
8.
99
10.
Shortal.,JosephA.,endIlrapeP,JohnW.: Free-Flight-Tunnel
InvestigationoftheEffeetoftheFuselageLengthandthe
AsyectRatioendd3zeoftheVerttc”alTailonLateralStability
andControl.NACAARRNo,3D17,2943.
Shortal.,JosephA.,andOsterhout,ClaytonJ.: Preliminary
StahilltyandControlTeeteintheNACAFree-FlightWindTunnel
andCorrelationwithFull.-ScaleF ightTests.NACA‘INo.810,
1941l
Zitierman,C H+: PreliminaryTestsintheN.A.CCA,Free-Spinning
WindTunnel.NACARep.No.557,1936.
Bennett,Ch-arlesV.,andJohnson,JoeephL,: Experimental
DeterminationoftheDampinginRollendAiLeronl?oX1.ing
Effectiveness.ofTheeWingsEaving2°,42°,and62°
Sweepback.NACATNNo.1.278,1947.
LangeandWacke:PrllfberichtUber3-und6-Komponentenmessungenen
derZuspitzungoreihevonFlllgelnkleinerSt.rec~g.Teilberi.cht:
llreleckfl~el.UMNr.1023/5,DeutscheLuftfahrtforschung
(B6rlin-Al,dershof),1943.(AvailableagNACA~ No.u76.)
Swanson,RobertS*~andCrandall,Stews&tM.: 7.ifting-Surface-
TheoryAspect-RatioCorrectionstotheLiftendHin~e-Moment
ParametersforFull-SpanElevatorsm“HorizontaJ,TailSurfaces.
NACATNNo.1175,1947.
Ribner,HerbertS.: TheSta%ilityDtm+ivativesofLow-Aspect-Ratio
TriangularWin@ etSubsoticendSupersonicSpeeti.l’lACATW
No.1423,1947:
Jones,RobertT.: PropertiesofLow-Aspect-RatioPo ntedWings
atSpeedsbelowandabovetheSpeedofSound.NAC~~ NO.1032,
1946.
Shortal,JosephA.
~ ~d Me.ggi.n,Bernard:EffectofSweepbackand
AspectRatioonLongitua~ StabilityCharacteristicsofl?ings
atLowSpeeds.NACATNNo.1093,1946.
.
.
.
.
.
NACA~ No.1468 11
D. Swanson,RobertS.,andPrid.dy,E.LaVerne:Lifting-Surface-
TheoryValuesoftheDampinginRollandOftheFGzmterUsed
inEsthtingAileronSticlcForces.NACAARRNo.L5R23,1945.
12,NationalAdvisoryCommitteeforAeronautics:AerodynamicCharacter-
isticsofAirfotls.MICARep.No.315,1929.
.,
.
NACATN No. 1468 .
~.
.
T-E 1
DIMENSIONAL CHARACTERISTICS
OF THE WINGS
/ I 1 6.00Lo o
2 m &J~ ,.O Q
3 n“ L68 1.0 0
.— - .
4 K.09_#z /000 .5 L9
5 - 6.00 5 3.2
6 D .3.00.5 0
u
..
2..00.5 o“
; D 300 .5 Q
9 Q 1.00.K o
/0 o .50..5 0
II A ~,.3.00 0 449
//? A go o 56.3
13 A /.00 o 7L6-
/4 A- .50 0 &?a4
15 A. ~.oo,2449
}6 0 . .5 449
/7 n ~: .5 7!.6
/8 n J7 .5 8a4
o RS&X2.674%23acw am
o W3.5Z&36.00aZ’5L325
o J?S6-3SL68zalo12.CX2/iWL
95R.Was267 2Z”7?3ZMV 9.25
&.3Kg‘ 267 3400/s23Z54
“63.4EP 2.672?702Z.?Oo
7&o R? 2.67 )960 39.?0o
82,?EP =7 f3m5= ~
530m 2s722’.202 604s2
53.0EP Z.mIZLWZZMO/130
—
76.0/Y/?2009803%?0/260
829EP IZCM6.9455%92776
4
:
623
a40
/i73
/439
/l73
za37
Rh&31Gene>e35 tirh~
(Desqmtai as RSG, W%rtimates
glwnm rderenm/2)
//7-fit?
,
.
—.
—---
—
.
.
t
\
i
/<07
M-47
26/0
3693
1
/7
3a4
4
folowq sketches:
‘R*W- ““ ~\
(besigna(edasKP) , .
.
-.
-.
.
—
.
. . .
-7=
..
NACATN No. 1468
.
.
. .
.
x
.
.
.
.
Figure l.-
Y
z
I
Wtnd
dweciton
z NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS
The stabilitysystemof axes. Arrowsindicatepositive
directionsof momentsandforces. Thissystemof axesis defined
as anorthogonalsystemhavingtheoriginatthecenterof gratitg
andinwhichtheZ-axis is intheplaneof symmetryandperpen-
dicularto therelativewind,theX-axis is in theplaneof sy~etry
) andperpendicularto theZ-axis, andtheY-axis is perpendiculartothe plaaeof symmetry.
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Vaxiationfaerodynamic-centirpositionwithsweepback.(V/@JS11in18ofTable1.)
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Mgu.re10.-Variationfeffectivedihedralparameterwithaspectratioat CL = 0.4.
(Wings1to18ofTableL) ,
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mgure12.-Vs.riationofdamphg-in-rollparameterwitiaspectratioat CL’ O for
wjngs8to18andatmaximumvaluesofdampinginroll forwings1to‘7.(Wings1
to18ofTable1.)
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